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RESUMO

Este artigo é sobre a determinagéo das condi¢cdesfdego de concreto. O teste de condigdes
de reforco de concreto € um processo pelo quaratifes testes sédo realizados, como
profundidade de cobertura, resistividade de corwremapeamento de ¥ célula e teor de
cloreto, para determinar como cada teste mostrafegos da corrosédo no concreto armado.

Quatro tipos diferentes de testes foram conduz&tosdois cubos diferentes de concreto
armado para investigar as condi¢cdes da barra incogola. Os testes foram testes de
profundidade de cobertura, resistividade do cormré. mapeamento celular e teor de

cloretos. O teste experimental foi realizado noolaorio de concreto da Universidade de

Dundee.
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1. INTRODUCTION

the cathode. These factors decrease the alkalinity.
2.1 Chloride attack

1.1 Overview The chloride attacks can be generally describethas

The BS 1881: Part 124: 1988. Methods for analykis contact of chloride ions with the surface of remfament and
hardened concrete, is set to determine cementatypeontent, existence of water and oxygen. The reaction ofosion starts
aggregate grading and content, sulphate contétli @bntent when the chloride ions penetrate the natural ofideon the
and most importantly the chloride content. Thisludes surface of steel. Moreover, the contact of chlondéh steel
determination of chloride content calculation, neethand surface must reach a threshold value in order dorosion to

procedure.

The concrete reinforcement condition testing in tf}e

structures lab consisted of four tests cover deptimcrete
resistivity, % - cell mapping and chloride contefie testing
has been carried out on two concrete specimenssaitie w/c
ratio and volume, but with different cover deptbsistivity, %2
cell potential and chloride content.

In the first section of this manuscript, the magmuses of
corrosion in reinforced concrete will be theordticargued. In
addition, the theory behind methods and what issdon each
test carried out in the lab will be presented. Mees, the merits
and limitations of each test will be identified. éfhresults
obtained in the lab for each test will be preseited discussed
Additionally, the percentage of chloride by ratecefent was
calculated for the two concrete specimens and wagpared to
spot which cube contains chloride. Finally, thentifecation to
which of the two reinforced concrete specimens hasge
resistivity of corrosion and which one has moreeptal of
corrosion will be discussed according to the testesults.

1.2 Main aims of the experimental study
The main objectives of the experimental testingewer

Achieve a better understanding of

reinforcement condition.

Obtain a greater in-depth knowledge of concrete

take place. The threshold chloride value is the amamf
chloride needed to attain corrosion Bertolini (20@¥ccording
0 Gibson (1987) “the accepted value for the coorothreshold
is 0.20 percent total chloride by weight of cemerfhis
percentage is the minimum sum of chloride ions leyght of
cement in order for corrosion to start occurrirakirtg in to
account the type of cement used for concrete. @ikE887).

The occurrence of chloride attack depends on two
important aspects. The first aspect is the conayatdity, for
example, type of cement, w/c ratio and moisturetamin The
second aspect is the environmental conditions, lwhansists
of factors such as chloride concentration, tempegaspeed of
wind and variation in humidity. In addition, thelahide induced
corrosion maybe influenced on other factors sucthasar size
of reinforcement, and depth of cover and geometrgeation
Jackson (1980).

The sea water can increase the risk of chlorideelatto
structure which is next to the sea level. Basicalg sea water
contains salt with a percentage of chloride. Atss known that
the climate is humid at the sea side. The humiddptains
water, which makes the concrete wet and causesvalyin the
pore size of the concrete. Thus, the percentagklofide which
exists in the salt can penetrate the concrete gfirthe extended

Ccmcrerﬁores and lead to corrosion in the reinforcement.

The amount of chlorides which exists in concretéhes

reinforcement condition testing procedures andste#fost vital hazard, since it can lead to additiatifilision into

carried out in experimental testing.
Be able to carry out cover depth, concrete resigtivs
cell mapping and chloride content tests.

reinforced concrete.

reinforcement condition test.

Finding out which of the two reinforced concret
specimens has more percentage of chloride by wei
of cement and which one has more potential f
corrosion.

2. MAIN CAUSES OF REINFORCEMENT
CORROSION IN CONCRETE

depth of concrete and distortion of the passiva fénclosing
the steel. Jackson (1980).

2.2 Carbonation attack

Become familiar with the causes of corrosion in

Initially, the carbonation attack begins on the eput

Be able to define merits and limitations of eac'ﬁurface of the concrete and travels steadily tarternal parts

and this result in a decrease in the pH level fasstandard value

81‘ pH 13 or 14 to a value of pH 9, due to the neactf carbon

gm

xide and calcium carbonate from atmosphere ardeat
aste Bertolini (2004). This reaction creates caictarbonate,
which destroys the protective oxide layer and ldadrrosion
of steel bar Halliday (2010). Furthermore, the osion due
carbonation attack is manipulated by environmeatabrs such
as, concentration of carbon dioxide in the atmosphe
temperature and humidity. Additionally, the permégband
alkalinity of concrete for instance can be consdeas other
factors Accordingly, the increase of humidity to more thém

The reinforcement corrosion in concrete can R, contincreases the rate of corrosion. Jackk@soj

identified as the appearance of rust on steel carfafter
collapse of the passive layer Broomfield (2007)e Tiheakage
of the passive layer occurs due to electrical pgakdifference
in reinforcement of concrete.

2.3 Water, oxygen and climate

In humidity conditions the percentage of waterhie &ir
is higher than that in dry conditions. Therefotee water in

The main causes of reinforcement corrosion in aetecr atmosphere due to humidity makes the concrete Aetthe
are chloride, carbonation attacks and the presehceacks in concrete becomes wet, this increases the size respo the
concrete due to different factors which will beatissed further concrete and allows differentions or elementshsis; chloride,
in this section. Additionally, water and oxygen ysaan carbon, oxygen to move easily through the concratereach
important role in the occurrence of corrosion #ytpresent in the reinforcement. Once the ions penetrate the renand
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reach the reinforcement, they react with water aomf a solid and there will be no existence of water. Thisans that
chemical reaction as shown in figure 1. This chamieaction chloride, carbon, oxygen ions unable to diffus® iabncrete,
leads to corrosion. In addition, the presence atks due to thus, there will be no chemical reaction to formrasion.
poor concrete in terms of quality allows the freevement of
ions in concrete reach the reinforcement and caas®sion.
On the other hand, in dry atmosphere the concrétdevdry,

Cover Zone

Corroded
H,0+ 0, H,0 0, Region

s T = B

B
I g
CLTHODE

Figure 1 — Shows the reaction of corrosion in theeinforcement of concrete. MG Associates a Divisiasf CET safehouse
Ltd. (2010) Available online at http://www.concretetesting.com/halfcel.jpg

3. TESTING METHOD’S AND EQUIPMENT electromagnetic cover meters (AMD 6201). Initiallthe
existence of batteries in cover meter has beenkeldebefore

starting the test. Then the cover meter was switahe by

pressing the on/off button. Afterwards, the covesten was

adjusted by pressing the CAL button and voltageierakas

checked. The next step was placing the generatidnamntact

with the concrete surface as shown in figure 2. filsecontact

point was at the corner of the concrete when timeigeor coil

was moved gradually within the concrete surface dgénerator
coil was kept moving until the cover meter stastetake noises.
These noises indicate the presence of reinforceniéwn the

generator coil is kept genteelly moving until haegran increase
of variance in noise. Subsequently, the reinforagntepth

reading on the cover meter was recorded. After that

generator coil was held in place and the distarmm toncrete
edge to the center of generator coil was meastsied a ruler.

The process of measuring the distance from theeceott

generator coil to concrete edge is shown in figuréhe above
procedure has been carried out on top and sidecmsgfof

concrete for cube 1 and just on the top surfaceube 2, Bergan
etal. (1971).

3.2 Concrete resistivity

3.1 Cover depth

Figure 2 — Shows haw the measurement of cover deptést
was carried out.

The concrete resistivity test is indirect method of
determining the corrosion of reinforcement in ceter In
accordance to figure 3, the four steel rods transfectrical

fields through the concrete when positioned on dbecrete
concrete when placed on top of the concrete surfeioe steel g itace. This leads to an indication of the pogwulifference of

reinforcement will then influence the magnetic diedurrent 0 ¢oyer region with high risk of corrosion, Aylland Kelly
which travel in the concrete and causes a nondlin@ation 1977) The electrical fields are then reflectedkom the earth
with the cover depth and the diameter of bar. THuS,non- |egistance meter and it is converted to a numevigake which
linear relation is converter to numerical readindsch appears ¢4, pe recorded in kilo ohms. The concrete rettigiivaffected
on the moving coil meter. Bungey et al., (2006) by different factors such as, moisture content, nafo, cement
The test was carried out in accordance to BS 1Bait type and humidity. Additionally, the presence ofoctde and
204 — Testing concrete and recommendations on $eeofi carbon ions either increases or decreases the ctwvidu(BS

The cover depth test is indirect method of deteimgin
the corrosion of reinforcement in concrete. Theegator coil
sends electromagnetic fields (magnetic flux) thtouthe
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1881-201: 1986 Testing concrete). The test wasethout with
respect to BS 1881: Part 201: 1986 — guide to #eeaf non-
destructive methods of test for hardened concrétstly, the
earth resistance meter is turned on, AC adaptorcemeected
and a piece of wet sponge is placed on concretacsumhe wet
sponge acts as a connector between steel rods carulete
surface. After that, the steel rod which is conedclith the
earth resistance meter via wires has been placetheonvet
sponge. The next step was recording the resistiahye in K2
from the earth resistance meter. These procedusss earried
out on four different surfaces of the concrete cahd there
average was taken.

Figure 3 — Shows the procedures used for the contee
resistivity test.

3.3 % - Cell mapping

The % - cell mapping test is indirect method
determining the corrosion of reinforcement in ceter The % -
cell mapping provides an iso-potential contour meyich
shows the corroded zones in the specimen. Ther/silver

electrode transfers electro-chemical fields throtighconcrete

surface. The wet sponge between the concrete sudad

silver/silver electrode is necessary to maintaiocgwansfers of

electro-chemical fields to concrete. The electrpdeential of
reinforcement provides information of the corrodedions in
the reinforcement.

The test was carried out with respect to the Anagric

standard ASTM C867 — Measuring and interpretingnexfce
electrode potentials or reinforced concrete. Birdtie two volt
D.C. Scale which is connected to both the concisaid

silver/silver electrode, has been switched on. rAfitat a wet
sponge was placed on the concrete surface to ingooe
contact between the concrete surface and the fsilver

electrode and to get better electrical connectibhen the
silver/silver electrode was positioned on the wsdrge and
readings were recorded from the two volt D.C. schlpally,

the readings were converted from copper/coppeiiversilver

by subtracting 100 pV from each of the value olgdinThese
procedures was carried out at eight different posstfor cube
1 and four different positions for cube 2 on thp surface of
concrete cube. Figure 4 shows the procedures ®fdhi.

Figure 4 — ¥ - cell mapping test.
3.4 Chloride content

The chloride content test is a direct method
determining the corrosion of reinforcement in ceter With
respect to figures 5 and 6, the nitric acid soluttmd sodium
carbonate when added to the concrete sample taien f
concrete specimen, causes a chemical reactionchiémical
reaction in the mixture indicates the concrete laiks.

Figure 5 — Shows the concrete sample taken for chide
content testing.

The test was carried out with respect to the BL1Bart
124: 1988 Methods for analysis of hardened concFetstly, a
dry concrete sample was drilled out from the cotecspecimen
approximately 5 grams. The drilling in concrete ewtas up to
25 millimeters. After that a 50 millimeters of 1 laonitric acid
solution was slowly added to the concrete samplenTthe
mixture was stirred using a stirring rod for abtwb minutes.
Subsequently, 5 grams of sodium carbonate was gligdu
inserted to the mixture. The sodium carbonate lees added
gradually in order to prevent effervescence inrttieture. The
next step was to again stir the mixture for anogheninute until
the sodium carbonate is totally dissolved in migtukfterwards
the mixture has been left for 2 minutes to allotiement. The
mixture was then poured in to a dry funnel withleeirf paper
fitted inside it and the remains of the filteredktare were taken
in a container. Then a chloride titrator strip viserted in the
filtered mixture and kept for 5 minutes until thiis color

of



JCEC - ISSN 2527-1075.

changes to blue. Once the strip color becomes thiaestrip was
taken out of the filtrate and was compared withlibcated table
provided on the chloride titrator strip tin to firtde ppm in
milligrams per liter. Finally, the percentage ofarfide by rate
of cement has been calculated using the below equit).

Croc= bpm x7 1)
1000

Figure 6 — Shows the mixture of concrete sample, diom
carbonate and nitric acid.

4. MERITS AND LIMITATIONS OF EACH
TEST

4.1 Cover depth

The main usage of cover depth test is to measwe fi?

depth of reinforcement in concrete and diametebaf The

cover depth is directed by managing the transfechdéride

ions, providing protection of steel against anyrolval attacks
and works as a fire resistance. In addition, teed&ves an idea
of which parts of the concrete is under corrosiue to low

cover depth, checks if the cover depth satisfies disign
conditions and provide information of the positafrsteel under
the concrete surface. This test have many metitd) as, it is
direct, simple in testing, fast in operation andeagh

Additionally, the test does not cause any damageoircrete.
On the other hand, the test requires good calwadind can
only penetrate up to 300mm in depth. Also, theivality and

horizontally of reinforcement can lead to issuesbiaining

reliable readings. Finally, the reinforcement typeterms of

steel and iron bearing aggregates can manipulatendgnetic
field of the cover meter and give deceptive datthweirrors.

Broomfield (2007).

4.2 Concrete resistivity

The concrete resistivity test is set to illustratee
resistivity of concrete against chloride penetratisate of
corrosion and the amount of water diffusion anedaines the
fall of voltage flanked by internal electrodes. ®é&ni (2004).
Moreover, it provides suggestion of the moistureoant in
pores. The merits of this test are that it is qaiickerform, easy
in operation, does not cause damage in concreteitaisd
considered to be useful methods of testing if camgbavith
other measurements, to check if the concrete is ipderms of

quality and to assists in recognizing other prolslesmise in
concrete such as corrosion. Conversely, the limitatof test
are that it does not provide a final predictiontloé corrosion
rate of concrete reinforcement. Moreover, the ofgest can
vary from moderate to high. Additionally, the me@suents
obtained can only be used with other measuremeos éther
tests in sequence to get sufficient predictionaaly, the test
can give errors and deceptive reading if not pms#d at right
angles when carrying out the measurements (Broamfié07).

4.3 ¥ - Cell mapping

The ¥ - cell mapping test is associated with figdin
corrosion potential and risks. Also, it is used dgamining the
corrosion rate and condition of reinforcement im@ete. The
advantages of % - cell mapping test are that itais
straightforward and very helpful, non-destructivethod of
recognizes the risk of corrosion in different rebagions with
negative zones using an iso-potential contour map.
Alternatively, the limitations of %2 - cell mappirtgst is that it
can vary from moderated to high in terms of coste Test can
give unclear readings with errors at the surfaceooicrete due
to the effect of the cover depth, concrete restgtiand actual
potential of corrosion. Also, this method of tegticannot find
a precise corrosion rates and degree of reinforngrBertolini
(2004).

4.4 Chloride content

This test is mostly used to find the existing antoofn
chloride in concrete and whether this amount isighdo cause
corrosion. In addition, the test gives clarificatiomf the
coefficient of diffusion to forecast the partialghess rate.
Furthermore, it identifies haw the chloride existedtoncrete,
for instance, during the casting of concrete or tudater
diffusion Broomfield (2007). The advantages of ciile
ntent test are that it is low in price, easy pemtion, quick
test and gives accurate prediction of chloride eohGibson
(1987). On the other hand, the limitations of cidercontent
test are that it produces a minor damage in thereta surface
after drilling out the testing sample (Neville, B9

5. RESULTS AND DISCUSSION

5.1 Cover depth

The results demonstrate cover depth in millimefrs
two concrete specimens with same w/c ratio. Culbad. two
bars and the position of these bars is presentéabie 1. The
position of bar 1 at end 1 was 48mm from the edgmncrete
and 68mm in depth. In addition, the situation of baat end 2
was 51mm from the concrete edge and 82mm in depth.
Moreover, the place of bar 2 at end 1 was 83mm fitweredge
of concrete and 64 in depth. The location of bat nd 2 was
67mm from the concrete edge and the depth of neiafoent
was 84mm. On the other hand, cube 2 also had 2apakrshe
positions of the two bars are presented in tabkeol cube 2 the
position of bar 1 at end 1 was 53mm from the caroedge and
60mm in depth. In addition, the site of bar 1 a 8was 60mm
from the concrete edge and 75mm in depth. Moreoter,
location of bar 2 at end 1 was 80mm from concrelgeeand
80mm in depth. Furthermore, the position of bat nal 2 was
52mm from the concrete edge and 100mm in depthef@éy,
the results illustrates that the reinforcement pcsmen 1 is
higher in depth than the bars in cube 2. Additinahe cover
depth results showed difference in value at emtilemd 2. This
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means that both reinforcements in cube 1 and 2n¢ &nd is
not straight in position inside the concrete cubes.

It is known that as the cover depth is higher, ldss
potential for corrosion to take place in the reinfament of
concrete and the opposite is true. This may béieldby saying
that the cover depth acts a defender for the lgmimst chloride
or carbon ions or other element such as water ygerxthat can

Table 1 - Results of cover depth test for reinforagconcrete cube 1 and 2 Abdel Rahim, 2019

Cube 1
X1 Distance /
mm

Surface No. End No.

Surface 1 Top 1 48
83
Surface 1 Top 2 51
67
Surface 2 Side 1 75
70
Surface 2 Side 2 83
43

cause problems in the reinforcement like corrosion.
Subsequently, if the cover depth is low, the lése ttaken for
chloride, carbon, water and oxygen ions to peretthe
concrete and reach reinforcement. Therefore, tighehi the
cover depth is the more protection of bars and pegtential
against corrosion. It has been concluded thatehearcement

at cube 1 is deeper than these in cube 2, thusinspe 1 has
more potential against corrosion than specimen 2.

Cube 1 Cube 2 Cube 2
Y1 Distance/ X1 Distance/ Y1 Distance /
mm mm mm
68 53 60
64 80 80
82 60 75
84 52 100
72 - -
70 - -
66 - -
69 - -

5.2 Concrete resistivity

Table 2 illustrate the results obtained in struzsuab for
concrete resistivity test for two concrete specisngfisame w/c
ratio. The resistivity value for surface 1, 2, Ilahwas 3.78,
3.7, 3.63 and 4.59Ck respectively. Consequently, the avera
concrete resistivity value for cube 1 was 3.928. KThe
resistivity values for cube 2 with readings of 888.971, 1.589
and 1.590 with respect to surface 1, 2, 3 and 4&réfhre, the
average resistivity for cube 2 was 1.25@.kAccording to
Broomfield (2007) if the concrete resistivity valigdess than 5
kQ then the rate of corrosion is very high. This dadés that
both cube 1 and 2 are under a very high rate gbsimn, since
the resistivity value for both of them is under. kt is believed
that the higher the concrete resistivity valueléss potential for
corrosion to occur, Dai and Ueda (2011), Daweile{2012)
and Zhang et al. (2012). On the other hand, theaagee
resistivity value for cube 1 was higher than cub&l2erefore,
the risk of corrosion in cube 2 is higher than cdbén other
words, with respect to the resistivity results aid, it has been
observed that cube 1 has more resistivity agaorsbsion than
cube 2.

Table 2 — Results of concrete resistivity test farinforced
concrete cube 1 and 2.

Resistivity / kQ)

Surface No. Cube 1 Cube 2
1 3.78 0.853
2 3.7 0.971
3 3.63 1.589
4 4.59 1.590
Average 3.925 1.251

5.3 ¥ Cell mapping

Tables 3 illustrate the results obtained in stmaguab
for ¥ - cell mapping test for two concrete specimehsame
w/c ratio. The ¥ - cell potential results at eighfferent
positions for cube 1 were 80.14, 90.3, 103.5, 101.5, 78.3,

29.6 and 73.4V. Thus, the average % - cell potential was 82.48

since it is positive in value and more than -p80 Furthermore,
table 3 demonstrates the results of the ¥ - cédintial for cube

2 at four different places at top surface of thaarete with
values of -303, -352, -327, -29% and the average of these was
-319.5uV. According to table 4, the value of -319.¥ which

9§ between the range of -350 and -380 clarifies a 50% of

corrosion in the reinforcement. It is known thatigher ¥z - cell
potential value reveals better corrosion resistivitherefore,
cube 1 has less potential to corrosion than culsinge it has
positive and higher ¥z - cell potential than cube 2.

Table 3 — Results of %2 cell-mapping test for RC cas 1 &2.
% cell-mapping /pV

Point No. Cube 1 Cube 1 Cube 2 Cube 2
*CIC **S/S C/C SIS
Chloride Chloride 1 Cell 1 Cell
Cell Cell

1 180.14 80.14 -203 -303

2 190.20 90.30 -252 -352

3 203.50 103.5 =227 -327

4 203.10 103.1 -196 —-296

5 201.50 101.5

6 178.30 78.3

7 129.60 29.6

8 173.40 73.4

Average 82.48 -320

Note: *C/C (Copper/Copper) and **S/S (Silver/Silver)

Table 4 — The table shows the relationship betweeaverage
% - cell mapping and the percentage of corrosion acording

to Halliday (2010).
% Cell-mapping /pV vs. % of Corrosion

Average % cell reading gV) % of corrosion

Less than -350 95
Between -350 and -250 50
More than -200 5

5.4 Chloride content

Tables 5 present the results obtained in structiakes

uV. The value of 82.48V shows less than 5% of corrosionfor chloride content test for two concrete specisneisame w/c
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ratio. The quantab value for cube 1 was 1 with eng# for ppm
and the percentage of chloride by rate of cemeist va89%.
On the other hand, the quantab value for cube 2higher than
that of cube 1 with a value of 1.2 and 33 mg/Inlied for ppm
value. In addition, the percentage of chloride #&tg rof cement
was 0.231%. It is known that as the percentagehloiricle by
rate of cement increases the less potential agaorsbsion,
thus, higher risk of corrosion. Gibson (1987) siaded that “...
the corrosion threshold starts to appear if thecgraage of
chloride by weight of cement is more than 0.20 %ihce the
percentage of chloride by rate of cement for culie Righer
than 0.20% with a 0.231% of chloride it is moreelikto have
corrosion than cube 1 which had 0.189% of chloride.

Table 5 — Results of chloride content test for RCube 1 & 2.

I %

6. CONCLUSION

The concrete reinforcement condition testing lals set
to determine the causes of corrosion of the redgfment in
concrete and haw each test carried out can assidttaining a
clear image of the situation of the reinforcemantaerms of
problems, such as, corrosion. Moreover, the teste warried
out to find which of the two concrete specimens hawe
resistivity against corrosion and which one hasenmarcentage
of chloride content by rate of cement. It was fothmat the cover
depth plays an important role in protecting thaf@icement in
concrete. This means that the smaller the coveknkss, the

1 cell-mapping /pV more risk of corrosion and the opposite is true.

Cube No. Quantad ppm / Percentage of
Units mg/I chloride by
rate of cement
| %
1 1 27 0.189
2 1.2 33 0.231

5.5 Comparing results

The results of all concrete reinforcement testswleme
carried out has been summarized and presentethlen@aThe
results of cover depth and concrete resistivitystdkistrated a
consistent relationship between depth of reinforam
resistivity of concrete and penetration of chlorid&rbon, water
and oxygen. This specifies that as the cover disptigger, the
resistivity of concrete is better and less riskonfs penetration,
therefore better concrete quality in terms of ceion resistivity.
On the other hand, the results for ¥z - cell mapping chloride
content showed a uniform relation with each otfiée relation
was that an increase in ¥ - cell potential withezrdase in
chloride content means a good concrete in termsnofe
potential against corrosion. Generally speaking, ¢tbncrete
resistivity and potential against corrosion is maaiffected by
cover depth and chloride content.

Table 6 — Results of chloride content test for RCube 1 & 2.

Y cell-mapping /pV

Cube 1 Cube 1 Cube 2 Cube 2
X1 Y1
X1 Y1 . B
Test : . Distance Distance
Distance Distance
/ / mm / mm
mm /[ mm
Cover 48 68 53 60
Depth 83 64 80 80
Test 51 82 60 75
/[ mm 67 84 52 100
Concrete
Resistivity
Test / kQ 3.925 1.251
15 Cell 82.48 -319.5
Mapping
Test /pV
Chloride
Content 0.189 0.231

The main causes of corrosion are chloride and
carbonation attacks with the presence of wateroayden. The
rate of corrosion is affected by different factssach as,
humidity, temperature, presence of cracks and sdarwThe
corrosion can be prevented by adding corrosionbitdrs,
surface treatments and protective coatings (Jackg80).

The merits of concrete reinforcement conditionitgst
are that they are direct, straightforward in tesgtifast in
operation and low in price. In opposition, the digantages are
different from one test to the other. For instandbe
disadvantage of cover depth is that it needs gadithration,
while, the limitation of chloride content test isat it causes
damage in the concrete.

The results for cover depth test showed that cubasl
deeper cover thickness than cube 2. Furthermore,
reinforcement in both cube 1 and cube 2 were bedt reot
straight inside the concrete. Additionally, the ules for
concrete resistivity test showed that cube 1 hadaaarage
resistivity value of 3.925@. This value was higher than that of
cube 2 with 1.251®. On the other hand, the results for ¥ - cell
potential illustrated that cube 1 with an averafj8248 pV is
also higher than cube 2 with -319.5 pV. In addititwe chloride
content test presented that cube 1 with 0.189%epé&xge of
chloride by rate of cement has less chloride tharec2 with
0.231%, thus, cube 2 had chloride. Generally spggkihe
results for all the tests were logical and illusttathat cube 1
had less potential for corrosion and more reststivian cube 2.
According to concrete reinforcement condition tegtresults
the following has been concluded:

th

- Asmaller cover thickness means more risk of cdoros
and less resistivity and potential. Thus, a deepeer
thickness gives a better concrete in terms of tieiis
against corrosion.

— A positive resistivity value is better than a négat
resistivity value. Thus, the more resistivity ofeth
concrete indicates less risk of corrosion.

— If concrete resistivity value is less than B kt is
considered to be poor and with a very high rate of
corrosion.

— The higher ¥ - cell potential value reveals a finer
concrete with respect to more potential against
corrosion.

— If% - cell potential value is more than -200 p \¥éittthe
percentage of corrosion is 5%.
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— More percentage of chloride by rate of cements mean
more possibility of chloride attack and corrosian t

take place.

There is a good relationship between all the festst
The relation was that an increase in % - cell gemwith a
decrease in chloride content means a good concrégems of
more potential against corrosion. Generally spegkithe
concrete resistivity and potential against cornosi® mainly
affected by cover depth and chloride content. ®seilts could
have been improved by testing more concrete spesitmed by
carrying out other in-situ tests related to theedwtnation of
concrete reinforcement conditions.
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